Inducible cAMP early repressor (ICER) is a negative-feedback regulator of cardiac hypertrophy and an important mediator of cardiac myocyte apoptosis in response to beta-adrenergic receptor stimulation.
Although stimulation of the beta-adrenergic receptor increases levels of cAMP and activation of the cAMP response element (CRE) in cardiac myocytes, the role of the signaling mechanism regulated by cAMP in hypertrophy and apoptosis is not well understood. In this study we show that protein expression of inducible cAMP early repressor (ICER), an endogenous inhibitor of CRE-mediated transcription, is induced by stimulation of isoproterenol (ISO), a beta-adrenergic agonist with a peak at approximately 12 hours and persisting for more than 24 hours in neonatal rat cardiac myocytes. ICER is also upregulated by phenylephrine but not by endothelin-1. Continuous infusion of ISO also increased ICER in the rat heart in vivo. Overexpression of ICER significantly attenuated ISO- and phenylephrine-induced cardiac hypertrophy but did not inhibit endothelin-1-induced cardiac hypertrophy. Overexpression of ICER also stimulated cardiac myocyte apoptosis. Antisense inhibition of ICER significantly enhanced beta-adrenergic hypertrophy, whereas it significantly inhibited beta-adrenergic cardiac myocyte apoptosis, suggesting that endogenous ICER works as an important regulator of cardiac hypertrophy and apoptosis. Inhibition of CRE-mediated transcription by dominant-negative CRE binding protein inhibited cardiac hypertrophy, whereas it stimulated cardiac myocyte apoptosis, thereby mimicking the effect of ICER. Both ISO and ICER reduced expression of Bcl-2, an antiapoptotic molecule, whereas antisense ICER prevented ISO-induced downregulation of Bcl-2. These results suggest that ICER is upregulated by cardiac hypertrophic stimuli increasing CRE-mediated transcription in cardiac myocytes and acts as a negative regulator of hypertrophy and a positive mediator of apoptosis, in part through both inhibition of CRE-mediated transcription and downregulation of Bcl-2.